Background: Low total diversity of the gut microbiota during the first year of life is 34
Introduction 64 who did not have any symptoms during the last twelve months were defined as healthy. 147
Asthma diagnosis required at least one of following two criteria: 1. Doctor diagnosis and 148 asthma symptoms and/or medication during the last twelve months; 2. Wheeze or nocturnal 149 cough and a positive reversibility test and/or pathological FE NO value. In Sweden most 150 children with asthma are asymptomatic when visiting the doctor, since they are efficiently 151 treated with inhaled corticosteroids. If the asthma diagnosis was based on doctors diagnosis, 152 medical records of the child was always reviewed to confirm that the diagnosis were 153 consistent with the GINA criteria (http://www.ginasthma.com). The diagnosis of ARC was 154 based on standard ISAAC question (http://isaac.auckland.ac.nz/Index.html) and required 155 watery discharge at least twice in contact with the same allergen and no signs of infection. 156
Urticaria was defined as allergic when appearing at least twice in conjunction with a certain 157 allergen. Eczema was defined as a pruritic, chronic or chronically relapsing non-infectious 158 dermatitis with typical features and distribution, as suggested by Hanifin and Rajka [13] . 159
Eczema was classified as IgE-associated if the infant had also a positive skin prick test. 160
161
16S rDNA sequencing and bioinformatics 162 DNA extraction, 16S rDNA PCR amplification with primer pair 341F-805R targeting V3-V4, 163 PCR product purification, and 454 sequencing were performed as described previously [2] . 164 De-noising, chimera Table 1 ) at this age did not associate with the gut microbiota diversity during 208 the first year of life, however. Neither did asthma have any significant association with total 209 microbiota diversity later in infancy (at twelve months) nor any consistent association with 210 the diversity of different bacterial phyla at any age (data not shown). Similar results were 211 obtained when comparing children with asthma, allergic rhinoconjunctivitis, SPT reactivity, 212 eczema and IgE-associated eczema with control children with no allergic manifestations (data 213 not shown). The evenness of the microbial composition according to Pielou's test at one week 214 and one month of age was lower in children with than without asthma (Fig. 1b) . Also the 215 number of bacterial OTUs in stool samples tended to be low at one month of age in the 216 asthma group (Table 2) . In order to evaluate whether sensitized infants who subsequently 217 developed asthma also had a different gut microbiota composition than sensitized infants who 218 did not, analyses were performed when only the 20 children with IgE-associated eczema at 219 two years of age were included. Indeed, the seven children having IgE-associated eczema in 220 infancy and subsequently developing asthma had a lower microbial diversity than those 13 221 children who did not (Supplementary Table 2 ), although the p-values reveal only a trend, 222 probably due to the lost of statistical power (p=0.06 and p=0.09 at one week and one month, 223 respectively). Thus, children with IgE-associated eczema in infancy who had developed 224 asthma at seven years of age had a median of the diversity index of 1.25 (interquartile range;0.84-1.45) at one month of age compared to 1.53 (1.42-1.72) if they did not have asthma and 226 1.67 (1.51-2.14) if they did not have IgE-associated eczema at two years of age. No such 227 differences were seen for the other allergic manifestations (Supplementary Table 2 ). Despite 228 the association to asthma, there was no significant correlation between FE NO levels and 229 microbial diversity (data now shown). However, the only child with pathological FE NO levels 230 (>20 ppm) had very low diversity indices (0.69 at one week and 0.72 at one month). 231 232 There were no significant differences in relative abundance of bacterial phyla, classes and 233 genera between children with or without asthma (Table 3) There were no differences regarding potential confounders such as sex, birth order, caesarean 239 section, family history of allergic disease, breastfeeding, furred pets at home, antibiotics, 240 infections and probiotic supplementation between the children with and without asthma 241 (Table 4) , nor between children with or without any other allergic manifestation (data not 242 shown). Neither were there any significant associations between these factors and microbial 243 diversity except for exclusive breastfeeding at one month, tending to be associated with low 244 diversity at one month of age (p=0.05, data not shown). Excluding the seven children who 245
were not breastfed exclusively at one month did not affect the comparison between asthmatic 246 and non-asthmatic infants (p=0.001, data not shown), however, neither did exclusion of 247 children who were delivered by caesarean section or were supplemented with probiotics, two 248 other factors that might affect the gut microbial diversity at one month (p= 0.009 after 249 excluding children delivered with caesarean section and p=0.03 after excluding children in the 250 probiotic group, data not shown and that the effect remains in school age. In contrast to previous studies, however, our results 260 indicate that early gut microbial diversity may be more associated with asthma development 261 at school age than other allergic manifestations. Low gut microbial diversity has previously 262 been associated with IgE-associated eczema at two years of age in the same cohort as the 263 present one [2] . Interestingly, the present study indicates that the low gut microbiota diversity 264 in these infants with IgE-associated eczema at two years of age primarily was confined to 265 children subsequently developing asthma in school age. The absent correlation between the 266 infant gut microbiota and eczema in our study supports the result from a previous study 267 investigating the effect of the microbial diversity on an allergy development until school age 268
[3] and indicates that other factors, e.g. skin barrier dysfunction due to filaggrin mutations, 269 underlie persistent eczema [5] . There was no significant association between asthma and the 270 relative abundance of any phylum or genus, nor any significant sample clustering in asthmatic 271 infants. Thus, the total diversity seems to be more important than any particular microbial 272 group for asthma development, although the lack of significant difference between individual 273 phyla may also be due to low statistical power or in these analyses. Also, stool samples only 274 reflect the microbiota in the luminal space of the colon and not the small intestine and the 275 mucosa. Thus, there might be specific bacterial species important for prevention of asthma as 276 well as ARC, which are not revealed in this study. 277
278
Previous studies have not revealed any relationship between microbial diversity and asthma 279 development. This is probably primarily due to the fact that most of the clinical follow-upshave been performed in young children [2, [8] [9] [10] , when allergic asthma and 281 rhinoconjunctivitis still are uncommon. It might also be a consequence of methodology 282 limitations. The sensitivity of our analyses was higher than in previous diversity studies [3, 10]. In the study by Bisgaard et al. [3] , in which infant gut diversity was associated with 284 sensitization but not asthma in school age, the mean of bands/samples, were only 8.5 (with 285 DGGE) at 12 months of age, as compared to 69 OTUs/sample in our study. The community 286 resolution might still not have been high enough in our study to reveal an association between 287 specific bacterial species and asthma and ARC, however. Another important factor possibly 288 affecting the results is the variation of the gut microbiota composition in different countries 289 [19] . Whether our observations in Swedish children can be translated to children in other 290 regions of the world needs to be further investigated. 291 292 It is noteworthy that the most important differences appeared the first months of life, 293 supporting the theory that factors influencing the early of maturation of the immune system 294 might be especially important for subsequent asthma development [20] . Furthermore, the 295 results indicate that the immunological phenotype preceding asthma development in particular 296 is established during the first month of life. Viral lower respiratory tract infections (LRTIs) 297 have been suggested to be linked to asthma development among atopic children [7] . The 298 incidence of recurrent wheeze, which often are caused by LRTIs in infancy, was 50% in the 299 infants subsequently developing asthma at 7 years of age compared to 3% in those that did 300 not. It is tempting to speculate that infants subsequently developing asthma are more prone to 301 getting LRTIs, caused by respiratory syncytial virus or rhinoviruses, because of an attenuated 302 maturation of the immune system as a consequence of low stimulation from the gut 303 microbiota during the first months of life. Also, reduced mucosal barrier function may be 304 linked to high susceptibility of LRTIs, amplification of Th2 responses and subsequent asthmadevelopment [7, 21] . Low salivary secretory IgA levels are associated with increased 306 prevalence of late onset wheeze in sensitized infants [22] , and interestingly, also low 307 intestinal microbial diversity [23] . 308
309
The present study does not explain why infants developing asthma have low gut microbial 310 diversity. The differences were not due to antibiotic treatment, which may increase the risk 311 for asthma development [24] as no child received antibiotics during the first month of life. 312 Also, while caesarean section has been linked to asthma development and affects gut 313 microbiota during the first month of life [25] , the association between low diversity and 314 asthma remained when including only children born with vaginal delivery. Still, the 315 difference in diversity in neonates may be explained by other factors such as the biodiversity 316 in the homes (mattresses, dust etc.) [26, 27] , in the surrounding environment [28] and in 317 family members (skin, mouth and gut) [29] . Also, hygienic practices may influence the 318 microbial diversity and allergy development [30] . Recently, children whose parents "cleaned" 319 their pacifier by sucking it were less likely to have asthma at 18 months of age than children 320 whose parents did not use this cleaning technique [31] . Infants with low gut microbial 321 diversity also had low microbial exposure via the respiratory mucosa. The maturation of the 322 respiratory mucosal immune system depends at least partly on bacterial colonization of the 323 lower airways [32] . Whether asthma, however, would be more related to the nature of 324 microbial colonization of the airways than eczema and allergic rhinoconjunctivitis require 325 further elucidation. 326 327
In conclusion, low total diversity of the gut microbiota during the first month of life was 328 associated with asthma in children at seven years of age. The early gut microbial diversity 329 seems to be most important for asthma development and did not apply to the other allergic 330 manifestations in school age in our study, although this might be a consequence of the 331 relatively few cases included. 332
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